Objectives: A 2003 evidence-based review of exogenous risk factors for sporadic amyotrophic lateral sclerosis (ALS) identified smoking as the only risk factor that attained "probable" (more likely than not) status, based on 2 class II studies. The purpose of the current, evidence-based, update was to see if the conclusion of the previous review needed to be modified, based on studies published since.
on the available evidence, and a level of certainty is assigned to each conclusion. Level A conclusions (established risk factor) and level B conclusions (probable, or "more likely than not" risk factor) require at least two concordant class I or class II studies with data which lend themselves to the application of criteria for inferring causation from association. Level C conclusions (possible risk factor) may be based on at most 1 class II and several class III studies overall pointing in one direction. Class U (unknown if this is a risk factor) is assigned otherwise (appendix e-2). Conclusions were based on the results of this and the previous 1 review. This approach is concordant with the MOOSE criteria, 4 except that the methods of drawing conclusions from data using evidence-based methods are different from those used in meta-analyses. Meta-analysis is not appropriate when the quality of the data is variable, 1 and was not undertaken. Appendices e-1 and e-2 are reproduced from Armon C. An evidence-based medicine approach to the evaluation of the role of exogenous risk factors in sporadic amyotrophic lateral sclerosis. Neuroepidemiology 2003;22:217-228, with permission from S. Karger AG, Basel, Switzerland.
RESULTS Twenty-eight titles published since the 2003 review were identified through the literature search strategy. Of these, 7 titles were of primary articles with reference groups. [5] [6] [7] [8] [9] [10] [11] Review of reference lists of these articles as well as of review articles did not yield additional articles. One article provided class II evidence 10 and 1 class III 9 evidence: both showed increased risk of ALS with smoking. Their methods, principal findings, and limitations are presented in an evidence table (see table) . The class II article 10 showed a dose response effect, with an adjusted hazard ratio for those who smoked more than 33 years of 2.16 (95% confidence interval 1.33-3.54, p ϭ 0.002) compared to nonsmokers. This article also showed trends to increased risk with number of pack-years smoked, and decreased risk with number of years since quitting smoking. These trends did not attain significance according to the authors' original plan of analysis that excluded 8 individuals in whom the diagnosis of ALS appeared on the death certificates, but not as immediate, antecedent, or underlying cause of death. This exclusion is at variance from other studies using death certificates to determine ALS frequency, and is overly restrictive when death certificate data are used as a surrogate for disease incidence. When the authors performed sensitivity analysis that included those cases, the trends attained significance. Five articles [5] [6] [7] [8] 11 provided class IV-V evidence. Their methods, principal findings, and limitations are summarized in table e-1 (on the Neurology ® Web site at www.neurology.org). These five articles may not be relied upon to draw conclusions.
Conclusion.
Smoking may be considered an established risk factor for sporadic ALS (level A; 3 class II studies, 2,3,10 1 class III study 9 ).
DISCUSSION A few general clarifications about the methods used in this review may preempt readers' questions. Studies prior to 1990 were not listed in the previous evidence-based review 1 and in this update because of the limitations of the methods used in epidemiologic studies prior to 1990, when judged by contemporary criteria, making them all class IV or V evidence. To exemplify this point, one article from 1981 13 was subjected to evidence-based classification. This article was selected because it was cited, uncritically, in a recent literature review of exogenous risk factors of ALS that did not use evidence-based methodology.
14 Applying the criteria of the previous review 1 to the article 13 shows that the class of evidence it provides with regard to the association of smoking and ALS is class IV (table e-2). Hence no conclusions may be drawn from it. Attention to articles with inherent limitations burdens a review unnecessarily, detracts from the attention due to the high-quality articles, and blurs their findings. This is avoided when evidence-based methods are used, and makes evidence-based reviews stand apart from reviews that do not utilize this method.
Three longitudinal observational studies were evaluated in this update 5, 8, 10 but the findings of 2 5, 8 were considered class IV evidence, even though they described themselves as "prospective." However, these studies are retrospective reviews of existing cohorts, where both exposures and outcomes have occurred before the hypotheses were generated. 15 One particular retrospective aspect of these cohorts is echoed in the following statement: "In principle, a prospective cohort should be defined starting from exposure rather than from information on exposure collected after several years. 16 " These views inform the evidence-based approach applied here 1 (appendix e-1, third paragraph under class III evidence) that considers retrospective reviews, or data-mining, in existing observational cohorts, as "exploratory" studies, which may generate hypotheses but not confirm them. There are theoretical and experiential reasons for adopting a conservative approach to evaluating results obtained in "cohorts of convenience." On theoretical grounds, there is a high risk that such studies may identify spurious associations because 1) nonrandom assignment to exposure groups increases the risk for involuntary biases (that cannot be accounted for because they are unknown); 2) quantification of exposure in these studies, even if done at cohort inception, is often retrospective, and subject to bias, 16 and there is limited ability to verify the quality of the information when a study is done many years after the cohort was formed; 3) the cohort is often not representative of the general population, due to its composition of self-selected [17] [18] [19] ; and 4) the multiple comparisons conducted in such studies increase the likelihood that chance associations will occur, be found significant and considered, erroneously, as nonrandom. The limitations of longitudinal studies analyzing health outcomes in postmenopausal women receiving hormonal replacement therapy (HRT) reinforce the appropriateness of this approach. A randomized, placebo-controlled trial of HRT in postmenopausal women showed that such treatment resulted in adverse health outcomes in multiple domains. [20] [21] [22] Its findings contributed to changing the practice of prescribing HRT to postmenopausal women, based on observations of apparent beneficial health effects in numerous nonrandomized cohorts. A recent editorial attempted to reconcile the results of the randomized controlled trials and the observational studies on HRT 23 showing that the observational studies were correct some of the time (identifying the risk of breast cancer), but incorrect by showing an apparent reduced risk of coronary heart disease. The RCTs were correct 100% of the time when evaluating combined estrogen/progestin therapy, but missed an increased risk of breast cancer incurred when initiating estrogen-only HRT close to menopause, because most of the women were enrolled into the RCT several years after menopause. Evaluating the reasons for the discrepancies led to important insights as to the time-dependencies of the risks of HRT (on time of start of treatment, on time of menopause). The evidence-worthiness of observational studies needs to be evaluated on a case-by-case basis (appendix e-1). Observations in exploratory studies may be considered class III evidence if the studies do not have additional limitations that downgrade the class of evidence to class IV. Such was the case for 2 of the 3 cohort studies identified 5, 8 ; hence no conclusions may be drawn from them.
In contrast, the design of the third cohort study 10 was rigorous. It was established between 1992 and 2000 and drew on lessons learned from previous cohort studies. In particular, it used validated tools to collect precise exposure data, including on smoking, which are superior to those used in the earlier cohort studies. 5, 8 Smoking was the first risk factor for ALS reported from this cohort. 10 The authors indicated they were doing so as smoking had emerged as the only "probable" risk factor for ALS in my previous review. 1 Thus, adjustment for the risks of multiple comparisons is not required automatically, even though the authors do not state explicitly that this was their first intended analysis or the first analysis they performed. There was no gap in case finding, and the enrollees were in the right age groups to develop ALS. Of the sources of bias considered, they would tend to decrease the likelihood of identifying smoking as a risk factor; thus, they do not detract from the findings. This study qualified as class II evidence.
There is a general limitation in all epidemiologic studies, because individuals participating in them may be healthier than the general population from which they are drawn. In case-control studies, if individuals agreeing to be controls were healthier and smoked less than the general population, and the patients smoked as much as the general population, then the apparent excess smoking in patients might be due to the way the controls were chosen. It is possible to evaluate the extent to which this concern might apply by considering the percentage of individuals who agreed to participate from those asked to do so, from among patients and controls. In the 3 case-control studies relied on, 2,3,9 the response rates among controls ranged from 76% to 79%, which is better than the median reported rate (74%) for case control studies published in early 2003. 24 In one of the studies, 3 36 of 84 controls who declined to participate fully in the study provided smoking history, and were found to have smoked less than the 256 controls who participated fully. The authors concluded that that study may have underestimated the magnitude of risk conferred by smoking. This limitation cannot confound a dose-response effect among patients, or decreasing risk with time since quitting smoking among patients. However, a dose-response effect among patients can be a result of self-selection bias if patients with greater degrees of exposure to a putative risk factor are more motivated to participate in a study evaluating a possible role for that risk factor than those with less or no exposure to it. However, smoking was not considered a risk factor for ALS at the time of the first 2 studies in which it was identified, 2,3 so there is no reason to suspect that smokers preferentially chose to participate in them. To the extent that health-conscious (nonsmoking) patients with ALS are similar to the general population and were more likely to participate in a study than less health-conscious individuals (smokers), that would decrease the likelihood of identifying smoking as a risk factor in patients with ALS. In cohort studies, if a convenience cohort is healthier than the general population, then some risk factors may be missed (biasing RR toward unity), and others may emerge spuriously, for example, as a result of survivor bias. Hence, the effects of possible selection bias that need to be considered if a risk factor is found in a cohort study are different from those that need to be considered if a risk factor is not found. All the reported studies did not account for the effects of passive smoking. This biases the observed risk ratios toward unity. The risk of smoking may be missed entirely in some studies for this reason. Where an increased risk was found, the observed risk is likely an underestimate of the true risk.
Evidence-based analysis of epidemiologic data shows concordance among results of better-designed studies linking smoking to ALS, and lets those results drive the conclusions. An earlier article 6 also demonstrated how higher class studies provided concordant findings at variance with those obtained in lower class studies. It showed how an apparent association of physical activity with ALS in lower class studies was not supported by the findings in studies providing a higher class of evidence, showing no such association. Less rigorous approaches to the evaluation of the epidemiologic literature are likely to lead to erroneous conclusions.
The role of reliable identification of risk factors is twofold. First, if a risk factor has no redeeming features, then its identification may lead to its avoidance, with future reduction of disease burden. Second, identification of an established risk factor for ALS can stimulate the generation of hypotheses about the biologic processes that trigger disease initiation. 25, 26 It is intriguing that the incidence of ALS continues to rise according to some, if not all reports, even as the prevalence of smoking is declining. There is more than one way to account for this observation. First, if at least part of the deleterious effect of smoking has a long latency, then the 25-to 35-year-olds who smoked in 1975 who will cross the 65-year median age at onset of ALS between 2005 and 2015 have still to manifest the full effect of the exposure. Second, since the effects of passive smoking are not reflected in any of the epidemiologic data on ALS, there is a risk that individuals exposed to passive smoking in 1975, including the children of smokers, have many more years to express fully the consequences of the exposure. Finally, 3 groups of investigators have shown, independently, that the observed rise in ALS incidence may be accounted for by loss of competing sources of mortality (Gompertzian considerations) rather than by deleterious changes to the environment. [27] [28] [29] [30] [31] [32] It is encouraging that the most recent of these reports 32 found that "the 'environmental' factor showed a decreasing trend in the most recent birth cohorts." While it might be overly optimistic to give too much weight to one report, this may reflect, in part, the decline in the prevalence of smoking. Another way of looking at this interpretation is that we may have been witnessing an even greater rise in the incidence of ALS if there had not been a decline in the prevalence of smoking. Hopefully, incidence studies of ALS in future cohorts, controlling for loss of competing sources of mortality will start to show a decline, reflecting the reduced prevalence of smoking.
NOTE ADDED IN PROOF
At press time, 2 studies examining the role of smoking as a risk factor for ALS had been presented in abstract form, but the full reports had not yet been published. The first 33 found no association between smoking and the risk of developing ALS in a predominantly male sample of veterans. The second 34 found an increased risk of ALS in female smokers, and no association between smoking and ALS in men. Both studies are class IV evidence due to methodologic limitations (details available from the author). Their results do not change the conclusions of this review. ; serves as a consultant to the Massachusetts Department for Public Health; and has given expert testimony on behalf of a group of current and former manufacturers of welding consumables related to risk factors and causation in ALS.
